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Rocket propellant and propulsion technology improvements can be used to reduce the development time and
operational costs of new space vehicle programs. Advanced propellant technologies can make the space vehicles
safer, more operable, and higher performing. Five technology areas are described: Monopropellants_:_Alternative
Hydrocarbons, Gelled Hydrogen, Metallized Gelled Propellants, and High Energy Density Materials. These propel-
lants' benefits for future vehicles are outlined using mission study results and the technologies are briefly discussed.
INTRODUCTION
Space exploration and utilization require vehicles that are operable, safe, and reliable. Technologies for improv-
ing rocket performance are also desirable. As space missions become more ambitious, the needs for reducing cost
and increasing the capability of rocket systems will increase. Propellant technologies have the power to make space
flight more affordable and deliver higher performance.
Throughout the world, a new set of space related activities is being formulated. Many nations are taking advan-
tage of the powerful viewpoint of Earth from orbit and beyond. New space activities in the USA are planned which
include small expendable boosters, larger reusable launch vehicles, high speed aircraft, and new small spacecraft for
many commercial and civilian space operations. These new space planning activities have identified the need for
new lower cost ways of gaining access to space, and many ideas are coming to bear on this difficult issue. The cost
of space access is particularly vexing, as many people and much infrastructure is usually associated with large
orbital aerospace and rocket vehicles. One option to reduce space access costs is propellant technologies. Advances
made over the last 60 years in propellants have shown that propellants can be made safer, less costly, and/or more
energetic. Investing in propellant technologies can provide benefits across the board to all major international pro-
grams and the NASA Enterprises (ref. 1)
With the recent advent of reusable launch vehicles (RLVs), the investigation of combined cycle and combina-
tion propulsion, and the development of small boosters for low cost spacecraft, the interest in advanced propellants
has arisen. With RLVs, the need is for propellants that improve the vehicle mass fraction, as the idea of single stage
to orbit makes unceasing demands on the performance of lightweight materials, cryogenic systems, and, of course,
rocket propulsion. Combined and combination propulsion, using both air-hreathing and rocket propulsion, are an-
other set of options for single stage and two stage to orbit vehicles. These vehicles will also stress the limits of many
technologies, and high density, high energy hydrocarbons and hydrogen will be needed. Advanced cooling tech-







































































thatcanleadtofurthereductionsinvehiclemass and increases in payload performance.
Other monopropellants using gelled fuels can also improve performance and increase safety (ref. 5). Gelled
H202 and liquid TEGDN/AN/A1 have the potential for very high density, excellent performance, and safety. Metal
particles could be added to the gelled H202, further increasing it' s density.
ALTERNATIVE HYDROCARBONS
The regenerative cooling of spacecraft engines and other components can improve overall vehicle performance.
Endothermic fuels can absorb energy from an engine nozzle and chamber and help to vaporize high density fuel
before entering the combustion chamber (refs. 6 to 10). For supersonic and hypersonic aircraft, endothermic fuels
can absorb the high heat fluxes created on the wing leading edges and other aerodynamically heated components.
Dual fuel options are also possible, where the endothermic hydrocarbon (HC) fuels are used for the lower speed
portions of flight below Mach 8, and the hydrogen fuel is used for the final acceleration to the upper stage separation
velocity.
Figure 3 shows the GLOW for several airbreathing space vehicles. The baseline case is a hydrogen fueled
Single Stage to Orbit (SSTO) vehicle, whose GLOW is less than 1 million lbm. Both Two Stage to Orbit (TSTO)
cases have GLOW values that are 1.5 and 1.7 million lbm, respectively. Endothermic hydrocarbon fuels, because of
their greater heat load absorption, require an increased GLOW over H2-fueled Two Stage to Orbit vehicles. This
increase in GLOW is relatively small at 0.2 million Ibm, however, and eliminates the need for H 2 for the first stage.
Several types of related hydrocarbons can increase fuel density and reduce the overall mass of the vehicle structure,
tankage and related thermal protection systems.
Material compatibility is also a crucial factor in the design of these endothermic fuel aircraft. Figure 4 shows
the effect of different feed system metals on the phase change (or gasification) of aircraft fuels for cooling applica-
tions. These design issues are especially important for long lived operational vehicles, such as military and civilian
aircraft or reusable spacecraft.
A research area that has gained emphasis is Hypersonic Fuels. With the planned development of Reusable
Launch Vehicles and airbreathing Rocket Based Combined Cycle systems, higher density fuels will be desirable
for airbreathing vehicles in the speed range of Mach 1 to 25. Endothermic fuels and fuel additives are sought to
increase the heat-sink capacity or cooling capacity of the fuel for hypersonic flight. Gelled H 2, 02, or methane
(CH4) (with appropriate gellants, such as water, ethane or other frozen cryogenic gellants) or nanoparticulate
gellants are also of interest due to the potential for higher propellant density for alrbreathing ramjet or scramjet
propulsion. Fuel systems supplemented by radical recombination catalysts, such as phosphorus species, to
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Figure 7.--Gross liftoff weights: STS with metallized
gelled propellants.
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Figure 8.--Metallized gelled propellants: RP-1,0-,
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Figure 10.mHigh energy density propellants: atomic
hydrogen storage versus time. (a) ESR measure-
ments of T-atom concentration in D-T at three dif-
ferent temperatures. (b) Effect of thermal spikes on
total D-atom concentration as seen by ESR in solid
D2 containing 2% tritium held at 1.3 K. These
spikes were not intentionally triggered (ref. 28).
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